Introduction
Oxacillinases are Ambler class D -lactamases that possess active site serine groups like class A and class C -lactamases. 1, 2 Restricted-spectrum oxacillinases usually confer resistance to amino-and ureido-penicillins, and have good hydrolytic activities against oxacillin, cloxacillin and methicillin. 1 Extension of the hydrolysis spectrum of oxacillinases to oxyimino cephalosporins is observed for OXA-2 and OXA-10 extended-spectrum derivatives. 1 Most of the oxacillinase genes are plasmid-, transposon-and integron-located. 1 Here we report on the characterization of a new restricted-spectrum oxacillinase gene that is integron-located and which may be the progenitor of several extended-spectrum oxacillinase genes.
Materials and methods

Bacterial strains and plasmids
Pseudomonas aeruginosa clinical strain PA35 was isolated from a pulmonary brush of an 80-year-old patient hospitalized for pneumonia at the Hôpital Saint-Joseph (Paris, France) in 1999. Identification of P. aeruginosa PA35 was confirmed by API 20 NE test (bioMérieux, Marcy-l'Étoile, France). P. aeruginosa PAO38-10 encoding OXA-10 -lactamase was used as a reference strain. Rifampicinresistant derivatives of P. aeruginosa PU21 and Escherichia coli K12 C600, 3 and E. coli XL1 blue MRFЈ Kan (Stratagene, Amsterdam, The Netherlands), were used as recipients for conjugation and cloning experiments, respectively. Plasmid pPCR Script Cam (SK ϩ ) (Stratagene) was used as cloning vector.
Antimicrobial agents and MIC determinations
Clavulanic acid-, tazobactam-and imipenem-containing discs were used together with ureidopenicillin-containing discs to detect synergy. 4 The MICs of selected -lactams were determined for P. aeruginosa and recombinant E. coli strains, as reported previously. 3 
Cloning experiments and analysis of recombinant plasmids
Genomic DNA of P. aeruginosa PA35 and PAO38-10 (bla OXA-10 positive) was extracted as described previously. 3 PCR experiments were performed with genomic DNA from these P. aeruginosa strains as templates, using specific class 1 integron primers. 3 The PCR-generated products were ligated into the Srf I site of pPCR Script Cam (SK ϩ ) vector and electrocompetent E. coli XL1 blue cells were transformed with recombinant plasmids and selected as described previously. 
Plasmid content and DNA-DNA hydridizations
Several methods were used to extract plasmid DNA from P. aeruginosa PA35. 3 Plasmid DNA from recombinant E. coli strains was extracted using Qiagen plasmid DNA Midi kits (Qiagen, Courtaboeuf, France). Plasmid preparations were analysed by electrophoresis as reported previously. 3 Hybridization of a PCR-amplified internal probe for bla OXA-10 to total DNA from P. aeruginosa PA35 after Southern transfer from an agarose gel was performed as described previously. 3 
DNA sequencing and protein analysis
Sequencing of the cloned DNA fragment of recombinant plasmid pOXA-35 was performed on both strands as well as on the corresponding PCR-amplified fragment of P. aeruginosa PA35, using an automatic DNA sequencer, and the nucleotide and deduced protein sequences were analysed as reported previously.
-Lactamase assays and isoelectric focusing analysis
Cultures of E. coli (pOXA-10 or pOXA-35) were incubated overnight at 37ЊC in 50 mL trypticase soy broth containing amoxicillin (100 mg/L). Extracts containinglactamase from cultures of E. coli (pOXA-10 or pOXA-35) were obtained as described previously. 5 Determination of -lactamase-specific activities and of 50% inhibitory concentrations (IC 50 ) of clavulanate and imipenem and analytical isoelectric focusing (IEF) analysis were performed as described previously. 5 
Nucleotide sequence accession number
The nucleotide sequence data reported in this paper will appear in the GenBank nucleotide database under accession number AF315786.
Results and discussion
Preliminary susceptibility testing, transfer and cloning of the antibiotic resistance genes of P. aeruginosa PA35
Susceptibility testing by disc diffusion showed that P. aeruginosa PA35 is resistant to amino-and ureido-penicillins, has intermediate susceptibility to cefsulodin, cefepime, aztreonam and cefotaxime, and is susceptible to ceftazidime and imipenem. A synergy image was detected between ticarcillin-, cefsulodin-and imipenem-containing discs (data not shown).
Repeated attempts to isolate transconjugants and to detect plasmid DNA from P. aeruginosa PA35 failed. DNA-DNA hybridization of total DNA from P. aeruginosa PA35 to a probe of bla OXA-10 gave a positive result, consistent with the chromosomal location of a bla OXA-10 -related gene. Using class 1 integron primers and total DNA of P. aeruginosa PA35 as template, a 1.7 kb PCR fragment was obtained and cloned in E. coli XL1 blue. A recombinant plasmid, pOXA-35, was analysed. Comparison of extended-spectrum variants with OXA-10 has shown that several amino acid substitutions may be involved in the extensions to their substrate profiles (Table 1) . OXA-35 has none of these amino acid changes. However, OXA-35 does possess several amino acid changes found in the extended-spectrum -lactamases OXA-13-1, OXA-19 and OXA-28 as compared with OXA-10, which are not involved in the extension of hydrolysis profile (Table 1) 
Sequence analysis of the bla OXA-35 -containing integron
Antibiotic susceptibility and biochemical analyses
The MICs of various -lactams for P. aeruginosa PA35 show that it is resistant to amino-and ureido-penicillins, has intermediate susceptibility to cefsulodin, cefepime, aztreonam and cefotaxime, and is susceptible to ceftazidime and imipenem ( Table 2 ). The -lactamase inhibitors clavulanic acid and tazobactam did not significantly decrease the MICs ( Table 2 ). The MICs of -lactams indi- Table 1 
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The bold-underlined amino acids may contribute to the extension of substrate hydrolysis in extended-spectrum variants.
cate that OXA-35, when expressed from E. coli XL1 blue (pOXA-35), confers resistance to amoxicillin, ticarcillin, piperacillin and cefsulodin, but not to other restricted-and extended-spectrum cephalosporins (Table 2 ). Resistance to ticarcillin was lowered slightly by imipenem, which has been shown to protect -lactams from other OXA-10-related enzymes. 4 IEF analysis of -lactamases in extracts of P. aeruginosa PA35 and of E. coli XL1 blue (pOXA-35) revealed an enzyme with a pI value of 8. In addition, extracts of P. aeruginosa PA35 had a second enzyme with a pI value of 8.5, which most likely is an AmpC-type -lactamase. Kinetic parameters of the enzymes in extracts of OXA-35 [E. coli (pOXA-35)] and of OXA-10 [E. coli (pOXA-10)] show that these -lactamases have similar restrictedspectrum -lactam hydrolysis profiles (specific activities being 0.04, 0.06, 0.08 and 0.01 U/mg for cefepime, cefotaxime, cefpirome and cefsulodin, respectively, and no detectable hydrolysis of ceftazidime, in both cases). However, OXA-35 has three-to four-fold increases in specific activities with amoxicillin and cloxacillin as compared with OXA-10 (0.2 versus 0.05 U/mg for amoxicillin, and 0.7 versus 0.2 U/mg for cloxacillin). Inhibition studies showed that OXA-35 is weakly inhibited by clavulanic acid (IC 50 5 M) and efficiently by imipenem (IC 50 0.03 M).
Finally, the OXA-35 sequence and biochemical properties indicate that it may be the progenitor of the extendedspectrum -lactamases OXA-19 and OXA-28. 
